INTRODUCTION
============

With the increase in obesity and osteoporosis worldwide \[[@B1][@B2][@B3]\], an important discussion has developed and focused on whether being overweight and obese can have a detrimental or protective effect on skeletal health. Both fat and bone cells originate from the same bone marrow stem cells \[[@B4]\] and physical inactivity and aging induces both obesity and osteoporosis \[[@B5]\]. In addition, these two disorders synergistically induce functional impairments and physical disabilities \[[@B6]\] which suggest a complex effect of obesity on bone health.

Overweight and obesity can strengthen the bone, which may decrease osteoporotic fracture risk by increasing bone mineral density (BMD), a well-known indicator for osteoporosis \[[@B3][@B7][@B8]\]. This protective effect of obesity is called the \"obesity paradox\" or \"reverse epidemiology\" and has been controversial \[[@B9]\].

While some studies have shown that obesity is positively associated with high bone mass \[[@B10][@B11][@B12]\] as a result of the obesity-related increased levels of leptin, insulin, and estrogen that stimulate bone growth and inhibit bone remodeling, several studies have reported that obesity was negatively associated with bone mass \[[@B13][@B14][@B15][@B16][@B17]\]. These studies, however, have been focused on a specific gender, age, or site of measurement and few studies have compared the obesity paradox in men and pre- and postmenopausal women, even though patterns and occurrence of obesity, fat distribution, and osteoporosis are different between men and women and between pre- and postmenopausal women \[[@B18][@B19]\]. Therefore, different associations may be expected in men and pre- and postmenopausal women who have different lifestyles. Our study adds to this discussion by assessing the relationship between obesity and BMD among men, premenopausal women, and postmenopausal women who were referred for dual-energy X-ray absorptiometry (DXA) scans in Isfahan, Iran. We hypothesized that obesity would influence BMD and vary by gender and menopause status.

METHODS
=======

Subjects
--------

This was a cross-sectional study that consisted of 5,892 consecutive non-institutionalized men and women (183 men \<50 years, 409 men ≥50 years, 1,832 premenopausal women, 3,468 postmenopausal women) who were referred to the Isfahan Osteoporosis Diagnosis and Body Composition Center for a DXA scan from 5 April 2014 to 30 November 2015, with a mean±standard deviation (SD) age of 54.9±11.6 years (range, 20 to 91). All individuals were in good health consistent with clinical medical evaluations. Some participants were excluded from this study due to lack of height or weight records. Participants who had cancer, severe hepatic, renal, thyroid, and parathyroid disease or who used osteoporosis medication, oral contraceptives, or hormone replacement therapy were excluded. Pregnant and breast-feeding women were also excluded from the study. Menopause was defined as amenorrhea resulting in permanent cessation of ovarian function for at least a year.

Ethics statement
----------------

This study was approved by the Isfahan University of Medical Sciences\' Ethical Committee. This was a retrospective study based on a routine medical procedure, and additional written consent was not required. The data was processed and analyzed by authorized medical personnel only, the patients remained anonymous, and the information was de-identified prior to analysis.

Anthropometric measurement
--------------------------

Height and weight were measured using a standard apparatus while bone densitometry measurements were performed. Weight and height were measured to the nearest 0.1 kg and 0.5 cm, respectively, when the subjects wore light clothes and no shoes. Body mass index (BMI) was calculated as the ratio of weight (kg) to height squared (m^2^). Participants were categorized in three BMI groups according to World Health Organization criteria \[[@B20]\]: normal weight, BMI \<25.0 kg/m^2^; overweight, BMI 25 to 29.9 kg/m^2^; and obese, BMI ≥30 kg/m^2^. There were few participants with BMI \<18.5 kg/m^2^ (*n*=52) and ≥40 kg/m^2^ (*n*=75) available for this study, and thus they were not analyzed separately.

Bone density and body composition
---------------------------------

Measurements of BMD (g/cm^2^), bone mineral content (g) and body composition were made using a DXA (Norland XR-46 system, Coopersurgical, Fort Atchinson, WI, USA). The BMDs, and fat and lean masses of the lumbar spine (L1 to L4) and the hip region (total hip and femoral neck) were measured according to standard protocols. The BMD lumbar spine values were calculated as the means of values from L1 to L4. The scanner was calibrated daily against the standard calibration block supplied by the manufacturer to control for possible baseline drift. T- and Z-scores were also obtained. T- and Z-scores were calculated based on normal reference values of the age- and gender-matched Iranian group provided by the DXA system manufacturer. A diagnosis of osteopenia for postmenopausal women and men ≥50 years was based on bone density between 1 and 2.5 SD below the mean value, and for osteoporosis was based on bone density 2.5 SD below the mean value for young adult white women aged 20 to 29 years at the lumbar spine (L1 to L4) and hip (total hip and femoral neck) based on T-scores \[[@B21]\]. We used the Z-scores (Z-score ≤--2.0) to diagnose low bone mass for premenopausal women and men \<50 years. All the data were collected in consistency with the recommendations of the International Society for Clinical Densitometry \[[@B22]\]. Body composition was also measured with DXA, affording information on anatomical fat and lean mass. The body composition measurements provided absolute values for each lean and fat mass (g).

Statistical analyses
--------------------

Continuous and categorical variables are expressed as means with standard error (SE) or 95% confidence intervals (CIs) and percentages, respectively, unless otherwise specified. Pearson correlation, chi-square test, one-way analysis of variance, and binary logistic regression were used for analysis. Partial correlation analyses adjusting for age and BMI were performed to determine the linear relationship between the bone parameters and body composition separately by gender and menopause status. Multivariate binary logistic regression was used to assess predictors of osteoporosis/osteopenia in men ≥50 years and postmenopausal women and low bone mass in men \<50 years and premenopausal women. Variable age was entered in the models as a continuous variable while BMI and gender were categorical. Age-adjusted means were also calculated and compared using general linear models. All anthropometric or DXA measures were not included simultaneously in regression analysis to avoid any colinearity of these independent variables. All tests for statistical significance were two-tailed, and a *P*\<0.05 was considered statistically significant for all tests. Statistical analysis was performed using IBM SPSS version 19.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Characteristics
---------------

Differences in distribution of several anthropometric and densitometric measures among 183 men \<50 years, 409 men ≥50 years, 1,832 premenopausal women, and 3,468 postmenopausal women are shown in [Table 1](#T1){ref-type="table"}. Men had higher age-adjusted total hip and femoral neck BMD, were less likely to be obese and had less fat mass than pre- and postmenopausal women. Men had lower age-adjusted total hip and femoral neck T- and Z-scores than pre- and postmenopausal women and had higher percentages of osteoporosis. The mean±SD age was 41.7±8.3 years for men \<50 years, 64.5±9.7 for men ≥50 years, 44.1±7.9 years for premenopausal women, and 60.3±8.3 years for postmenopausal women. The mean±SD BMI was 25.9±4.2 kg/m^2^ for men \<50 years, 26.5±4.2 kg/m^2^ for men ≥50 years, 28.6±4.6 for premenopausal women, and 29.0±4.6 for postmenopausal women. A total of 82 (40.8%) of the men \<50 years, 160 (41.0%) of men ≥50 years, 752 (41.2%) of the premenopausal women, and 1,371 (39.6%) of the postmenopausal women were overweight and 36 (17.9%) of men \<50 years, 81 (20.8%) of the men ≥50 years, 632 (34.8%) of the premenopausal women, and 1,447 (41.7%) of the postmenopausal women were obese.

Characteristics of the 1,323 (22.5%) normal weight, 2,365 (40.2%) overweight and 2,196 (37.3%) obese participants are shown in [Table 2](#T2){ref-type="table"}. The age-adjusted mean BMI, weight, and total hip and femoral neck BMDs were more likely to increase, and the proportion of osteoporosis was more likely to decrease across all three subject groups, regardless of gender and menopause status.

Low bone density prevalence
---------------------------

The DXA scan results indicated that 101 men (17.0%), 884 premenopausal women (48.3%), and 737 postmenopausal women (21.3%) had normal DXA scans. Of the 232 men, 443 premenopausal women, and 648 postmenopausal women who had a BMI \<25 kg/m^2^, 27 men (11.6%), 152 premenopausal women (34.3%), and 68 postmenopausal women (10.5%) had normal BMD values; this was lower than the percentage that was observed for men, premenopausal women, and postmenopausal women with a BMI ≥30 kg/m^2^, which were 27.4%, 59.3%, and 29.0%, respectively. The overall prevalence of femoral neck osteopenia was 41.8% for men ≥50 years and 50.4% for postmenopausal women. Of the men ≥50 years and postmenopausal women who had a BMI \<25 kg/m^2^, the prevalence of osteopenia was 32.2% and 45.2%, respectively. This was lower than the prevalence rates that were observed for men (53.1%) and postmenopausal women (51.7%) who had a BMI ≥30. The overall prevalence of osteoporosis was 46.9% for men ≥50 years and 28.4% for postmenopausal women. The prevalence of osteoporosis in men ≥50 years and postmenopausal women who had a BMI \<25 kg/m^2^, was 59.7% and 44.3%, respectively. This was higher than the prevalence rates that were observed for men ≥50 years (28.4%) and postmenopausal women (19.4%) with a BMI ≥30 kg/m^2^ (*P*\<0.001) ([Table 3](#T3){ref-type="table"}).

Obesity and bone mass
---------------------

Compared with men ≥50 years, and postmenopausal women with a BMI \<25 kg/m^2^, the age-adjusted risk of femoral neck osteoporosis was over 4-fold lower in those with a BMI ≥30 (odds ratio \[OR\], 0.26; 95% CI, 0.11 to 0.64 for men; and OR, 0.15; 95% CI, 0.11 to 0.20 for postmenopausal women). The association between BMI and osteopenia was similar ([Table 3](#T3){ref-type="table"}). When a Z-score ≤--2.0 was used as alternative analysis to diagnose low bone mass in premenopausal women and men \<50 years, the results were very similar to results of T-score ≤--2.5 comparisons.

In men, premenopausal women, and postmenopausal women, there was a negative correlation between age and BMD indicators and a positive correlation between BMI and BMD indicators; the strongest correlation coefficients were between age and BMD in the femoral neck and the weakest correlations were between age and L1 to L4 BMD ([Table 4](#T4){ref-type="table"}). The association between age and BMD was stronger in postmenopausal women. In men, premenopausal women, and postmenopausal women, the correlation between BMI and BMD indicators remained after age-adjustment. The relationship between the bone BMD and body fat composition by gender and menopause status are shown in [Table 5](#T5){ref-type="table"}. Before adjusting for confounders, all regions of fat mass were positively correlated with BMD (data not shown). After adjusting for both age and BMI, there was a significant negative correlation between all regions of fat mass and a positive correlation between all regions of lean mass and bone BMD in both genders and with menopausal status. The associations between obesity, body fat composition and BMD, and correlations between the bone BMD and body fat composition in normal weight, overweight, and obese individuals are also shown in [Table 6](#T6){ref-type="table"}. Similarly, there was a significant negative correlation between all regions of fat mass and a positive correlation between all regions of lean mass and bone BMD in all BMI groups after adjusting for both age and BMI.

DISCUSSION
==========

In this study, obesity significantly decreased the risk for osteoporosis, osteopenia, and low bone mass in all participants. This study did not identify any influence of gender and menopause on the obesity paradox in osteoporosis, despite significant differences in characteristics between both genders and menopause status. The existence of the obesity paradox in osteoporosis remains controversial. Cui et al. \[[@B10]\] studied men and women in rural Korea and reported that fat mass may positively contribute to BMD only in postmenopausal women and older men, and Lekamwasam et al. \[[@B11]\] found similar results in a group of healthy, middle-aged, premenopausal women in Sri Lanka. These findings correlated with the results of Salamat et al. \[[@B12]\] which found that both BMI and weight are associated with BMD of the hip and vertebrae and that overweight and obesity reduced the risk for osteoporosis in Iranian men. Other authors have also confirmed the existence of the obesity paradox in osteoporosis \[[@B23][@B24][@B25]\]. Overall, obesity has a protective effect on osteoporosis because of the increase in bone density related to a higher body weight. While some authors have reported that the increase in adipose tissue was not beneficial for bone density \[[@B13][@B14][@B15][@B16][@B17][@B19]\], Taes et al. \[[@B13]\] reported that increased fat mass is associated with smaller bone size, which was in contrast with the established view that a high BMI is a protective factor for osteoporosis, whereas lean mass is a consistent positive determinant of bone size. Zhao et al. \[[@B14]\] showed that increasing fat mass may not have a beneficial effect on bone mass and Janicka et al. \[[@B15]\] showed similar results in a group of healthy sexually mature adolescents and young adults. Additionally, Chang et al. \[[@B16]\] suggested that central obesity was negatively associated with osteoporosis in a population of older women. Other authors have also suggested that obesity may not protect against decreases in bone mass \[[@B26][@B27]\]. The inconsistencies between these results could be attributable to the specific study populations (these studies have been focused on a specific gender, age, or site of measurement), genetic backgrounds, research designs, sampling methods, sample size, ethnicity, and methodological differences. Several studies have reported that there are potential physiological mechanisms that may result in obesity paradoxes \[[@B14][@B28]\].

A small number of studies have enrolled both genders and included pre- and postmenopausal women to assess gender- and menopausal-based differences in the association between the obesity paradox and BMD. Our study enrolled both genders and both pre- and postmenopausal women and the results did not indicate any significant differences between the investigated groups, the obesity paradox and BMD. However, gender differences and the association with obesity and BMD remain controversial. Katzmarzyk et al. \[[@B29]\] reported no gender differences between BMD and visceral adiposity tissue and abdominal subcutaneous tissue in African-American and white men and women, which is consistent with our results, whereas another study found a positive association between fat mass and the femoral neck BMD in women, but no significant association in men \[[@B30]\]. In contrast, Kim et al. \[[@B31]\] found a reverse association between waist circumference and the femoral neck BMD in both men and women. Ley et al. \[[@B19]\] reported that body fat distribution is not similar between men and women and between pre- and postmenopausal women.

We also assessed the association between fat mass, lean mass and BMD before and after adjusting for age and BMI, and the results indicated that there was a negative association between fat mass and a positive association of lean mass with BMD; additionally, the correlation between fat mass and BMD changed from positive to negative after adjusting for BMI in both gender and menopause status. Similarly, previous studies \[[@B14][@B32][@B33][@B34][@B35]\] found a negative correlation between fat mass and BMD after adjusting for BMI, whereas several studies that did not adjust for body weight found a positive correlation between fat mass and BMD \[[@B11][@B23][@B24][@B35]\]. Fat mass is a major component of body weight. When the mechanical loading effect of body weight is statistically removed, fat mass is negatively correlated with bone mass. The negative effect of weight-adjusted fat mass on bone might be driven by higher levels of proinflammatory cytokines, which may up-regulate receptor activation of nuclear factor-κB ligand, leading to increased bone resorption and decreased BMD \[[@B36]\]. In this study, obesity was more strongly correlated with BMD at femoral sites, compared with those at the lumbar spine. Femoral sites are composed of relatively higher cortical bones than the lumbar spine \[[@B37]\]. Thus, these findings suggest that body composition parameters may have a greater effect on cortical bone than trabecular bone, similar to observations by others. \[[@B33]\].

The obesity paradox may be partly elucidated by the lack of the discriminatory power of BMI to distinguish between lean mass and fat mass. Higher osteoporosis in the low BMI category may be attributable to the sarcopenic obesity that is characterized by low muscle mass \[[@B17]\]. Sarcopenia impairs insulin resistance and dysglycemia in both non-obese and obese individuals. Many obese individuals have an increased fat mass and also increased muscle mass and fat does not have a protective effect on bone.

Our results showed that men ≥50 years had a higher prevalence of osteoporosis than post-menopausal women and multiple factors may explain the gender-related prevalence of osteoporosis. The higher prevalence of osteoporosis in men could be attributable, at least in part, to different dietary behaviors, age, smoking, different levels of calcium and vitamin D intake, or selection bias. However, we were unable to confirm a causal relationship for this occurrence; therefore, additional studies are necessary to elucidate these factors and relationships.

Our study includes results from real-life data that reflect actual body composition and BMD patterns in patients who were referred to our center and the study population included both men \<50 and ≥50 years old, and pre- and postmenopausal women. Although this study had several results that provide a better understanding of gender and menopause differences in the relationship between the obesity paradox and BMD in Iranian men, premenopausal women, and postmenopausal women, there were some limitations. In this study, one potential source of bias is residual confounding due to the risk factors that we were unable to account for in our analysis (socioeconomic status, educational level, level of physical activity, smoking, alcohol consumption, vitamin D status, sex hormone levels, and nutrition). The study was not population-based; therefore, the study population may not include a clinical spectrum representative of the population in the community. Clinic-based estimates of the prevalence of low bone mass are most likely to be affected by referral patterns. The study is cross-sectional and is limited in the ability to elucidate causal relationships. Another limitation is that BMI does not account for body fat distribution and we did not use other markers of obesity. However, this study offers new data from Iran, a developing country, which has been under-represented in past studies.

In summary, although obesity is documented as a major risk factor for developing cardiovascular and metabolic diseases and some cancers, a higher BMI may be associated with lower osteoporosis. Our study provides additional evidence for the obesity paradox in individuals with osteoporosis. Finally, the obesity paradox seems to have similar effects on osteoporosis in men, premenopausal women, and postmenopausal women, which could provide a basis for future investigations.
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###### Selected Anthropometric and Densitometric Measures of 183 Men \<50 Years, 409 Men ≥50 Years, 1,832 Premenopausal Women, and 3,468 Postmenopausal Women

![](enm-31-547-i001)

  Variable          Men             Women                           
  ----------------- --------------- --------------- --------------- ------------------
  Age, yr           41.7±0.65       64.5±0.47       44.1±0.21       60.3±0.15^a^
  BMI, kg/m^2^      25.9±0.41       26.5±0.26       28.6±0.13       29.0±0.09^a^
  BMD, g/cm^2^                                                      
   L1--L4           1.06±0.02       1.03±0.01       1.03±0.006      1.03±0.004
   Femoral neck     0.824±0.013     0.838±0.008     0.818±0.004     0.796±0.002^a^
   Total hip        0.886±0.013     0.909±0.008     0.875±0.004     0.854±0.002^a^
  T-score                                                           
   L1--L4           --0.733±0.121   --0.873±0.076   --0.819±0.034   --0.840±0.022
   Femur neck       --2.138±01.45   --2.102±0.066   --1.451±0.030   --1.642±0.020^a^
   Total hip        --1.887±0.114   --1.828±0.071   --0.673±0.029   --0.843±0.020^a^
  Z-score                                                           
   L1--L4           --0.350±0.111   \-              --0.42±0.032    \-
   Femur neck       --0.487±0.104   --0.478±0.068   --0.06±0.029    --0.31±0.019^a^
   Total hip        --0.706±0.113   --0.665±0.074   0.12±0.028      --0.10±0.019^a^
  Fat mass, g                                                       
   L1--L4           1.626±0.049     1.592±0.030     1.55±0.014      1.58±0.009
   Femoral neck     31.274±0.837    29.518±0.527    35.473±0.241    35.363±0.160^a^
   Total hip        253.473±7.094   247.471±4.463   299.505±2.113   300.222±1.403^a^
  L1--L4                                                            
   Normal           \-              192 (49.1)      \-              1,732 (49.9)
   Osteopenia       \-              169 (43.2)      \-              1,498 (43.2)
   Osteoporosis     \-              30 (7.7)        \-              238 (6.9)
  Femoral neck                                                      
   Normal           \-              44 (11.3)       \-              737 (21.3)^a^
   Osteopenia       \-              164 (41.9)      \-              1,748 (50.4)^a^
   Osteoporosis     \-              183 (46.8)      \-              984 (28.4)^a^
  Total hip                                                         
   Normal           \-              75 (19.2)       \-              1,684 (48.7)^a^
   Osteopenia       \-              186 (46.0)      \-              1,493 (43.2)^a^
   Osteoporosis     \-              136 (34.8)      \-              282 (8.2)^a^
  Z-score \<--2.0                                                   
   L1--L4           12 (6.6)        \-              89 (5.5)        \-
   Femoral neck     20 (10.0)       \-              45 (2.5)        \-
   Total hip        39 (19.5)       \-              17 (0.9)        \-
  BMI, kg/m^2^                                                      
   \<18.5           8 (4.0)         7 (1.8)         14 (0.8)        23 (0.7)^a^
   18.5--24.9       75 (37.3)       142 (36.4)      429 (23.5)      625 (18.0)^a^
   25--29.9         82 (40.8)       160 (41.0)      752 (41.2)      1,371 (39.6)
   30--39.9         36 (17.9)       81 (20.8)       610 (33.4)      1,394 (40.2)^a^
   ≥40              0               0               22 (1.2)        53 (1.5)^a^

Values are expressed as mean±SE or number (%). Age-adjusted means were calculated using general linear models. Z-scores (Z-score ≤--2.0) were used to diagnose low bone mass for premenopausal women and men \<50 years and T-scores were used for postmenopausal women and men ≥50 years which were categorized as: normal if T-score ≥--1.0; osteopenia if --2.5\<T-score\<--1.0; osteoporosis if T-score ≤--2.5.

BMI, body mass index; BMD, bone mineral density.

^a^*P*\<0.001.

###### Selected Anthropometric and Densitometric Measures of 1,323 (22.5%) Normal Weight, 2,365 (40.2%) Overweight and 2,196 (37.3%) Obese Men \<50 Years, Men ≥50 Years, Premenopausal Women, and Postmenopausal Women
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  Variable           Men            Women                         
  ------------------ -------------- ------------- --------------- ----------------
  Normal weight                                                   
   Age, yr           40±1.07        64.7±0.74     41.2±0.44       60.7±0.37^a^
   BMI, kg/m^2^      21.9±0.23      23.3±0.17     22.7±0.11       22.7±0.09^a^
   BMD, g/cm^2^                                                   
    L1--L4           1.02±0.03      1.02±0.018    1.02±0.012      1.02±0.009
    Femoral neck     0.79±0.015     0.83±0.010    0.77±0.007      0.75±0.005^a^
    Total hip        0.82±0.014     0.89±0.010    0.81±0.007      0.75±0.005^a^
   T-score                                                        
    L1--L4           --0.94±0.15    --0.93±0.11   --0.90±0.07     --0.87±0.05
    Femoral neck     --2.49±0.12    --2.22±0.09   --1.85±0.06     --2.06±0.05^a^
    Total hip        --2.45±0.12    --2.07±0.08   --1.17±0.06     --1.38±0.04^a^
   L1--L4                                                         
    Normal           \-             67 (42.7)     \-              325 (50.2)
    Osteoporosis     \-             15 (9.6)      \-              53 (8.2)
    Osteopenia       \-             75 (47.8)     \-              270 (41.7)
   Femoral neck                                                   
    Normal           \-             12 (7.6)      \-              68 (10.5)^a^
    Osteoporosis     \-             92 (58.6)     \-              287 (44.3)^a^
    Osteopenia       \-             53 (33.8)     \-              293 (45.2)^a^
   Total hip                                                      
    Normal           \-             14 (8.9)      \-              178 (27.8)^a^
    Osteoporosis     \-             79 (50.3)     \-              125 (19.5)^a^
    Osteopenia       \-             64 (40.8)     \-              338 (52.7)^a^
   Z-score \<--2.0                                                
    L1--L4           4 (5.9)        \-            22 (5.6)        \-
    Femoral neck     13 (17.6)      \-            25 (5.7)^b^     \-
    Total hip        25 (33.8)      \-            11 (2.5)^a^     \-
  Overweight                                                      
   Age, yr           41.0±0.97      64.4±0.64     44.5±0.30       60.6±0.23^a^
   BMI, kg/m^2^      27.3±0.17      27.3±0.11     27.6±0.06       27.6±0.04^b^
   BMD, g/cm^2^                                                   
    L1--L4           1.04±0.02      1.05±0.016    1.03±0.009      1.03±0.006
    Femoral neck     0.83±0.015     0.86±0.010    0.81±0.005      0.79±0.004^a^
    Total hip        0.88±0.014     0.94±0.009    0.86±0.005      0.85±0.003^a^
   T-score                                                        
    L1--L4           --0.79±0.14    --0.78±0.10   --0.84±0.05     --0.85±0.04
    Femoral neck     --2.18±0.12    --1.88±0.08   --1.54±0.05     --1.67±0.03^a^
    Total hip        --1.97±0.12    --1.57±0.08   --0.80±0.04     --0.89±0.03^a^
   L1--L4                                                         
    Normal           \-             87 (51.8)     \-              670 (48.9)
    Osteoporosis     \-             12 (7.1)      \-              92 (6.7)
    Osteopenia       \-             69 (41.1)     \-              609 (44.4)
   Femoral neck                                                   
    Normal           \-             19 (11.3)     \-              250 (18.2)^a^
    Osteoporosis     \-             74 (44.0)     \-              416 (30.3)^a^
    Osteopenia       \-             75 (44.6)     \-              705 (51.4)^a^
   Total hip                                                      
    Normal           \-             34 (20.2)     \-              624 (45.6)^a^
    Osteoporosis     \-             52 (31.0)     \-              109 (8.0)^a^
    Osteopenia       \-             82 (48.8)     \-              636 (46.5)^a^
   Z-score \<--2.0                                                
    L1--L4           6 (8.7)        \-            37 (5.6)        \-
    Femoral neck     4 (5.4)        \-            14 (1.9)^b^     \-
    Total hip        9 (12.2)       \-            5 (0.7)^a^      \-
  Obese                                                           
   Age, yr           42.7±1.27      61.4±0.81     45.7±0.29       59.9±0.20^a^
   BMI, kg/m^2^      32.2±0.49      32.5±0.31     33.5±0.14       33.4±0.08^c^
   BMD, g/cm^2^                                                   
    L1--L4           1.06±0.04      1.07±0.023    1.04±0.010      1.03±0.006
    Femoral neck     0.92±0.023     0.89±0.014    0.85±0.006      0.82±0.004^a^
    Total hip        0.99±0.022     0.98±0.013    0.92±0.006      0.89±0.004^a^
   T-score                                                        
    L1--L4           --0.78±0.21    --0.63±0.13   --0.76±0.06     --0.81±0.03
    Femoral neck     --1.41±0.19    --1.66±0.12   --1.15±0.05     --1.41±0.03^a^
    Total hip        --0.98±0.18    --1.17±0.11   --0.29±0.05     --0.52±0.03^a^
   L1--L4                                                         
    Normal           \-             47 (56.6)     \-              736 (50.9)
    Osteoporosis     \-             3 (3.6)       \-              93 (6.4)
    Osteopenia       \-             33 (39.8)     \-              618 (42.7)
   Femoral neck                                                   
    Normal           \-             15 (18.1)     \-              419 (29.0)^a^
    Osteoporosis     \- 25 (30.1)   \-            280 (19.4)^a^   
    Osteopenia       \-             43 (51.8)     \-              748 (51.7)^a^
   Total hip                                                      
    Normal           \-             30 (36.1)     \-              881 (60.9)^a^
    Osteoporosis     \-             9 (10.8)      \-              48 (3.3)^a^
    Osteopenia       \-             44 (53.0)     \-              518 (35.8)^a^
   Z-score \<--2.0                                                
    L1--L4           2 (6.5)        \-            30 (5.3)        \-
    Femoral neck     1 (2.9)        \-            6 (0.9)^c^      \-
    Total hip        0              \-            1 (0.2)         \-

Values are expressed as mean±SE or number (%). Age-adjusted means were calculated using general linear models. Z-scores (Z-score ≤--2.0) were used to diagnose low bone mass for premenopausal women and men \<50 years and T-scores were used for postmenopausal women and men ≥50 years which were categorized as: normal if T-score ≥--1.0; osteopenia if --2.5\<T-score\<--1.0; osteoporosis if T-score ≤--2.5.

BMI, body mass index; BMD, bone mineral density.

^a^*P*\<0.001; ^b^*P*\<0.05; ^c^*P*\<0.01.

###### Osteopenia and Osteoporosis Prevalence Rates and Odds Ratios (95% CI) of Normal Weight, Overweight and Obese Men \<50 Years, Men ≥50 Years, Premenopausal Women, and Postmenopausal Women

![](enm-31-547-i003)

  Variable                     Prevalence, % (95% CI)   Age-adjusted odds ratio (95% CI)a                                                                                                                 
  ---------------------------- ------------------------ ----------------------------------- ------------------ ------------------- ----------------------- ---------------------- ----------------------- ----------------------
  Femoral neck osteopenia      \-                       41.8 (36.9--46.7)                   \-                 50.4 (48.7--52.0)   \-                      \-                     \-                      \-
   Normal weight               \-                       32.2 (24.7--39.7)                   \-                 45.2 (41.4--49.0)   \-                      1.00                   \-                      1.00
   Overweight                  \-                       45.0 (37.3--52.7)                   \-                 51.4 (48.8--54.1)   \-                      0.59 (0.25--1.39)      \-                      0.62 (0.46--0.84)^b^
   Obese                       \-                       53.1 (41.7--64.3)                   \-                 51.7 (49.1--54.3)   \-                      0.19 (0.07--0.56)^b^   \-                      0.38 (0.29--0.51)^c^
  Femoral neck osteoporosise   9.9 (6.0--15.2)          46.9 (42.0--51.9)                   2.5 (1.8--3.3)     28.4 (26.9--29.9)   \-                      \-                     \-                      \-
   Normal weight               17.6 (9.7--28.2)         59.7 (51.9--67.6)                   5.7 (3.7--8.3)     44.3 (40.5--48.1)   1.00                    1.00                   1.00                    1.00
   Overweight                  5.4 (1.5--13.3)          44.4 (36.7--52.1)                   1.9 (1.0--3.1)     30.3 (27.9--32.8)   0.28 (0.09--0.094)^d^   0.52 (0.23--1.16)      0.34 (0.17--0.68)^b^    0.36 (0.26--0.50)^c^
   Obese                       2.9 (0.08--15.3)         28.4 (18.9--39.5)                   0.9 (0.3--2.1)     19.4 (17.3--21.4)   0.17 (0.02--1.40)       0.26 (0.11--0.64)^b^   0.18 (0.07--0.45)^c^    0.15 (0.11--0.20)^c^
  L1--L4 osteopenia            \-                       43.1 (38.2--48.0)                   \-                 43.2 (41.5--44.8)   \-                      \-                     \-                      \-
   Normal weight               \-                       46.3 (38.3--54.3)                   \-                 41.7 (37.9--45.5)   \-                      1.00                   \-                      1.00
   Overweight                  \-                       41.2 (33.6--48.9)                   \-                 44.4 (41.8--47.1)   \-                      0.72 (0.45--1.13)      \-                      1.09 (0.90--1.33)
   Obese                       \-                       40.7 (29.9--52.2)                   \-                 42.7 (40.2--45.3)   \-                      0.66 (0.38--1.15)      \-                      1.01 (0.83--1.23)
  L1--L4 osteoporosise         7.1 (3.7--12.1)          7.7 (5.3--10.8)                     5.5 (4.4--6.7)     6.9 (6.1--7.8)      \-                      \-                     \-                      \-
   Normal weight               5.9 (1.6--14.4)          10.1 (5.2--14.0)                    5.6 (3.6--8.4)     8.2 (6.2--10.6)     1.00                    1.00                   1.00                    1.00
   Overweight                  8.7 (3.3--18.0)          7.5 (3.9--12.7)                     5.6 (4.0--7.8)     6.7 (5.4--8.2)      1.68 (0.44--6.38)       0.62 (0.27--1.40)      1.00 (0.57--1.73)       0.8 4 (0.58--1.21)
   Obese                       6.5 (0.6--21.4)          3.7 (0.8--10.4)                     5.3 (3.6--7.5)     6.4 (5.2--7.8)      1.31 (0.22--7.79)       0.29 (0.08--1.02)      0.94 (0.53--1.69)       0.79 (0.55--1.14)
  Total hip osteopenia         \-                       46.2 (41.2--51.1)                   \-                 43.2 (41.5--44.8)   \-                      \-                     \-                      \-
   Normal weight               \-                       40.3 (32.4--48.1)                   \-                 52.7 (48.9--56.6)   \-                      1.00                   \-                      1.00
   Overweight                  \-                       48.8 (41.0--56.5)                   \-                 46.5 (43.8--49.1)   \-                      0.53 (0.97--1.03)      \-                      0.50 (0.40--0.62)c
   Obese                       \-                       51.9 (40.5--63.1)                   \-                 35.8 (33.3--38.3)   \-                      0.32 (0.15--0.67)^b^   \-                      0.28 (0.23--0.35)c
  Total hip osteoporosise      18.7 (13.0--24.3)        34.6 (29.9--39.3)                   0.9 (0.5--1.5)     8.2 (7.3--9.1)      \-                      \-                     \-                      \-
   Normal weight               33.8 (23.2--45.7)        50.3 (42.3--58.4)                   2.5 (1.3--4.5)     19.5 (16.4--22.6)   1.00                    1.00                   1.00                    1.00
   Overweight                  12.2 (5.7--21.8)         31.9 (24.7--39.1)                   0.7 (0.2--1.5)     8.0 (6.7--9.5)      0.27 (0.12--0.65)^b^    0.27 (0.13--0.55)^c^   0.29 (0.10--0.86)^d^    0.19 (0.13--0.28)^c^
   Obese                       0.0 (0.0--10.3)          11.1 (5.2--20.1)                    0.2 (0.006--0.9)   3.3 (2.5--4.4)      0.04 (0.02--0.09)^c^    0.05 (0.02--0.14)^c^   0.07 (0.009--0.56)^d^   0.06 (0.04--0.10)^c^

CI, confidence interval.

^a^Odds ratios (with 95% CI) were calculated by multiple logistic regression; ^b^*P*\<0.01; ^c^*P*\<0.001; d*P*\<0.05; eZ-scores (Z-score ≤--2.0) were used to diagnose low bone mass for premenopausal women and men \<50 years and T-scores were used for postmenopausal women and men ≥50 years which were categorized as: normal if T-score ≥--1.0; osteopenia if --2.5\<T-score\<--1.0; osteoporosis if T-score ≤--2.5.

###### Pearson Correlation Coefficients between Age and BMI and BMD Indicators in Men, Premenopausal Women, and Postmenopausal Women

![](enm-31-547-i004)

  Variable                    Age         BMI                                           
  --------------------------- ----------- ----------- ----------- ---------- ---------- ----------
  L1--L4 BMD, g/cm^2^         −0.013      −0.005      −0.041^a^   0.114^a^   0.059^b^   0.036^b^
  Femoral neck BMD, g/cm^2^   −0.362^c^   −0.159^c^   −0.360^c^   0.225^c^   0.240^c^   0.232^c^
  Total hip BMD, g/cm^2^      −0.219^c^   −0.088^c^   −0.358c     0.322^c^   0.356^c^   0.308^c^

BMI, body mass index; BMD, bone mineral density.

^a^*P*\<0.01; ^b^*P*\<0.05; ^c^*P*\<0.001.

###### Partial Correlations between Body Composition and BMD after Adjusting for Age and Body Mass Index in Men, Premenopausal Women, and Postmenopausal Women

![](enm-31-547-i005)

  Body composition       BMD, g/cm^2^               
  ---------------------- -------------- ----------- -----------
  Men                                               
   Fat mass, g                                      
    Femoral neck         −0.005         −0.170^a^   −0.249^a^
    L1--L4               0.138^b^       0.076       0.030
    Total hip            0.048          −0.131^b^   −0.226^a^
   Lean mass, g                                     
    Femoral neck         0.030          0.136^b^    0.154^a^
    L1--L4               0.265^a^       0.028       0.018
    Total hip            0.119^b^       0.253^a^    0.245^a^
  Premenopausal women                               
   Fat mass, g                                      
    Femoral neck         0.028          −0.045      −0.126^a^
    L1--L4               0.075^b^       0.040       0.016
    Total hip            0.027          0.005       −0.084^b^
   Lean mass, g                                     
    Femoral neck         0.026          −0.036      0.009
    L1--L4               0.253^a^       −0.042      −0.009
    Total hip            0.020          0.040       0.077^b^
  Postmenopausal women                              
   Fat mass, g                                      
    Femoral neck         0.029          −0.176^a^   −0.232^a^
    L1--L4               0.102^a^       −0.008      −0.032
    Total hip            0.035^c^       −0.103^a^   −0.163^a^
   Lean mass, g                                     
    Femoral neck         −0.008         0.082^a^    0.125^a^
    L1--L4               0.201^b^       0.060^b^    0.092^a^
    Total hip            −0.003         0.199^a^    0.243^a^

BMD, bone mineral density.

^a^*P*\<0.001; ^b^*P*\<0.01; ^c^*P*\<0.05.

###### Partial Correlation between Body Composition and BMD after Adjusting for Age and Body Mass Index in Normal, Overweight, and Obese Individuals

![](enm-31-547-i006)

  Variable         Men                    
  ---------------- ---------- ----------- -----------
  Normal weight                           
   Fat mass, g                            
    Femoral neck   0.036      −0.158^a^   −0.235^a^
    L1--L4         0.078^b^   0.045       0.031
    Total hip      0.041      −0.112^a^   −0.182^a^
   Lean mass, g                           
    Femoral neck   0.018      0.194^a^    0.210^a^
    L1--L4         0.225^a^   0.023       0.026
    Total hip      0.019      0.264^a^    0.290^a^
  Overweight                              
   Fat mass, g                            
    Femoral neck   0.008      −0.154^a^   −0.226^a^
    L1--L4         0.077^a^   0.009       −0.027
    Total hip      0.010      0.121^a^    −0.194^a^
   Lean mass, g                           
    Femoral neck   0.015      −0.157^a^   0.202^a^
    L1--L4         0.225^a^   −0.037      0.064
    Total hip      0.038      0.216^a^    0.267^a^
  Obese                                   
   Fat mass, g                            
    Femoral neck   0.042      −0.129^a^   −0.184^a^
    L1--L4         0.131^a^   0.013       −0.007
    Total hip      0.045^c^   −0.44^c^    −0.118^a^
   Lean mass, g                           
    Femoral neck   0.029      0.074^b^    0.156^a^
    L1--L4         0.228^a^   0.38        0.082^a^
    Total hip      0.032      0.182^a^    0.241^a^

BMD, bone mineral density.

^a^*P*\<0.001; ^b^*P*\<0.01; ^c^*P*\<0.05.
